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(57 ABSTRACT 
There is disclosed a bushing for use in an apparatus for 
continuously passing a core wire through a crucible 
holding molten metal to accrete the molten metal on the 
core wire to form a cast rod. The bushing is connected 
to the crucible for passing the core wire therethrough 
into the crucible. The bushing is tubular and has an 
engaging portion for engaging with the core wire pass 
ing therethrough. The engaging portion is made of 
ceramics material containing a major proportion of at 
least one selected from the group consisting of zirconia, 
silicon carbide and silicon nitride. 

3 Claims, 3 Drawing Figures 
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1. 

BUSHING IN CONTINUOUS CASTING DP 
FORMINGAPPARATUS 

This application is a continuation, of application Ser. 
No. 736,617, filed 5/21/85 now abandoned. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to a bushing or nozzle for use in 

a continuous casting dip forming apparatus of the type 
in which a core wire is continuously introduced into a 
crucible through a bushing, so that molten metal in the 

5 

O 

crucible is accreted on the moving core wire to form a 
cast rod having a clad resulting from the solidified ac 
creted metal. 

2. Prior Art 
A conventional dip forming apparatus comprises a 

housing defining a chamber through which a core wire 
is passed, and a crucible for holding a molten metal 
disposed above the housing. The crucible has an inlet at 
its bottom for introducing the core wire into the bath of 
molten metal. Generally, a bushing or nozzle is con 
nected at opposite ends thereof to an outlet of the hous 
ing and the inlet of the crucible, respectively, to intro 
duce the core wire into the crucible from the housing. 
The bushing is rubbed at its inner surface by the core 
wire moving therethrough and is heated to elevated 
temperatures by the heat from the molten metal in the 
crucible. Therefore, the bushing must have good wear 
resistance and thermal resistance. For this reason, the 
conventional bushing has heretofore been made of vari 
ous wear-resistant and heat-resistant materials. Japanese 
Patent Application Laid-open (Kokai) No. 50-70236 
discloses one such bushing made of a molybdenum 
based alloy. However, such a busing has the following 
disadvantages: 

(1) since the bushing is heated by the molten metal in 
the crucible to high temperatures, for example, of 1100 
to 1200' C. in the case where the molten metal is cop 
per, the crystal of molybderium becomes greater (for 
example, on the order of several hundred micron me 
ters) and is subjected to intercrystalline crack due to the 
abrasion between the bushing and the moving core 
wire. Fine fragments are produced from the bushing as 
a result of the intercrystalline crack, and such fragments 
tend to adhere to the core wire moving through the 
bushing. Such fine fragments are present in an interface 
between the core wire and clad of the resultant cast rod. 
When such a cast rod is drawn into a wire of a reduced 
diameter, the drawn wire is liable to be cut or severed, 
so that the drawing operation can not be carried out 
efficiently. It is considered that when a fragment or 
foreign matter having a size of one third of the diameter 
of the drawn wire is present in the wire, the drawn wire 
is subjected to a cut. 

(2) The operation of the dip forming apparatus is 
sometimes stopped, and the crucible is removed from 
the apparatus. In this case, the busing is allowed to cool 
to room temperatures. During the temperature drop of 
the bushing, the bushing is subjected to oxidation be 
cause molybdenum has a relatively poor resistance to 
oxidation. As a result, the bushing is varied in shape and 
therefore can not be used again. 

(3) In use, the bushing is subjected to undue wear and 
seizing at its inner surface due to a friction between the 
bushing and the moving core wire. Therefore, the bush 
ing must be replaced by a new one. The service life of 
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2 
the molybdenum-based bushing in the continuous oper 
ation of the apparatus is a relatively short time of 30 to 
80 hours. 

SUMMARY OF THE INVENTION 

With the above deficiencies of the prior artin view, it 
is an object of this invention to provide a bushing for 
use in a continuous casting dip forming apparatus which 
bushing will not produce fine fragments even at ele 
vated temperatures, and will not be subjected to oxida 
tion when cooled from elevated temperatures to room 
temperatures, and has a long service life. 
According to the present invention, there is provided 

a bushing for use in an apparatus for continuously pass 
ing a core wire through a crucible holding molten metal 
to accrete the molten metal on the core wire to form a 
cast rod, the bushing being connected to the crucible for 
passing the core wire therethrough into the crucible, 
the bushing being tubular and having an engaging por 
tion for engaging with the core wire passing there 
through, the engaging portion being made of ceramics 
material containing a major proportion of at least one 
selected from the group consisting of zirconia, silicon 
carbide and silicon nitride. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a cross-sectional view of a continuous cast 

ing dip forming apparatus incorporating a bushing pro 
vided in accordance with the present invention; 

FIG. 2 is a cross-sectional view of a modified bush 
ing; and 
FIG. 3 is a view similar to FIG. 2 but showing an 

other modified bushing. 
DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

A continuous casting dip forming apparatus 10 shown 
in FIG. 1 comprises a vertically-disposed housing 12 
and a crucible 14 disposed above the housing 12, the 
housing 12 defining a chamber 16. The elongated hous 
ing 12 has an inlet 18 and an outlet 20 formed in lower 
and upper end walls 12a and 12b thereof, respectively. 
Mounted in the inlet 18 of the housing 12 is a hollow 
shaving die 22 for removing a thin layer of metal from 
a core wire 24 to clean it, the core wire 24 being fed 
from a supply source (not shown) such as a reel into the 
housing chamber 16 by feed rolls 26. The housing 12 has 
a conduit 28 connectable to a vacuum source for creat 
ing a vacuum in the housing chamber 16. The crucible 
14 holds molten metal M such as copper and has an inlet 
30 and outlet 32 formed in lower and upper end walls 
14a and 14b, respectively. 
A tubular bushing or nozzle 34 is sealingly fitted in 

and secured to the outlet 20 of the housing 12 and the 
inlet 30 of the crucible 14 at opposite ends, respectively, 
so that the housing chamber 16 communicates with the 
crucible 14 via the bushing 34. The bushing 34 is dis 
posed coaxially with the shaving die 22 and the outlet 
32 of the crucible 14. The bushing 34 has an internal 
bore 34a of a circular cross-section tapering toward its 
upper end remote from the housing 12. The upper end 
portion of the bushing 34 which serves as an engaging 
portion is adapted to be in sliding contact with the core 
wire 24 at its inner surface and has an inner diameter 
slightly greater than the diameter of the core wire 24. 
The internal bore 34a may be of any cross-section such 
as square or other polygonal shapes. 
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The bushing 34 is made of ceramics material contain 
ing a major proportion of at least one selected from the 
group consisting of zirconia, silicon carbide and silicon 
nitride. Therefore, the bushing has excellent thermal 
resistance and wear resistance. Preferably, the bushing 5 
34 is formed by compacting starting materials of fine 
powers having a particle size of about 0.5 pm to several 
um into a densified solid body, and baking the densified 
solid body. 

In operation, the housing chamber 16 is evacuated 
through the conduit 28. The core wire 24 is fed by the 
feed rolls 26 and is shaved by the shaving die 22, and the 
shaved core wire 24 is passed upwardly through the 
housing chamber 16 and is introduced into the bath of 
molten metal M in the crucible 14 through the bushing 15 
34. The core wire 34 is further moved upwardly 
through the crucible 14, so that the molten metal M is 
accreted on the core wire 24 to form a cast rod 24a 
composed of the core wire 24 and a clad 24b composed 
of the accreted or deposited molten metal Maround the 
core wire 24. The cast rod 24a is fed upwardly by take 
up rolls 38 and is cooled by a spray of water fed from a 
spray nozzle 40 located adjacent to the outlet 32 of the 
crucible 14. 
The core wire 24 is passed through the bushing 34 

before it is introduced into the crucible 14, and there 
fore the inner surface of the bushing 34 defining the 
bore 34a is rubbed by the core wire 24 passing there 
through. The bushing 34 is made of the ceramics mate 
rial having excellent heat resistance and wear resis 
tance, and the bushing 34 and the core wire 24 passing 
therethrough provide a ceramics-to-metal contact, so 
that the inner surface of the bushing 34 is hardly sub 
jected to wear and seizing. Therefore, the bushing 34 
has a long service life. 
As described above, the bushing 34 is composed of 

the powders having a particle size of about 0.5 um to 
several um. Therefore, even if part of the powder parti 
cles of such a small size are separated from the surface 
of the bore 34a of the bushing 34 and adhere to the 40 
surface of the core wire 24 due to the frictional contact 
therebetween, the cast rod 24a will not be cut or sev 
ered when it is drawn into a wire of a smaller diameter 
at a later stage. Further, the bushing 34 made of the 
ceramics material has an excellent resistance to oxida- 45 
tion, and therefore if the bushing 34 is cooled from 
elevated temperatures to room temperatures, the bush 
ing 34 is subjected to little change in shape. Therefore, 
the bushing 34 can be repeatedly used properly even if 
subjected to such a substantial temperature drop. 
This embodiment will now be illustrated by way of 

the following example: 
EXAMPLE 

About 91 mol.% of ZrO2 powder, about 9 mol.% of 55 
MgO powder and a trace amount of compacting assis 
tant were mixed together to form a power mixture. 
Then, the mixture was compacted into a densified solid 
body similar in shape to the bushing 34. Then, the densi 
fied body was baked to provide a bushing A composed 60 
of the zirconia-based ceramics. 
A bushing B of silicon carbide-based ceramics con 

taining not less than 98 mol. 7% of SiC and a bushing C 
of silicon nitride-based ceramics containing not less than 
98 mol. 2% of Si3N4 were prepared according to the 65 
same procedure. 
A comparative bushing D of molybdenum-based 

alloy was also prepared. 
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4. 
Each of the bushings A, B, C and D was used in the 

dip forming apparatus 10 of FIG. 1, and the apparatus 
was operated to determine its service life in the continu 
ous operation, an amount of drawing of the cast rod, 
and the number of reuse. The core wire and the molten 
metal in the crucible were both oxygen-free copper. 
The amount (kg) of drawing of the cast rod implies how 
much the cast rod could be drawn on the average into 
a wire having diameter of 0.1 mm without being sub 
jected to a cut or severance. The number of reuse was 
counted one each time the bushing, which was allowed 
to cool from elevated temperatures during the opera 
tion to room temperatures, could perform a proper 
function at the subsequent dip forming operation. 
The results of the above test are shown in Table 1 

below. 
TABLE 1. 

Sample 
A B C D 

Amount of 2400 2600 2200 600 
drawing (kg) 
Service 20 80 260 75 
life (Hr) 
Number of 3 2 4. O 
else 

As can be seen from Table 1, the bushings A, B and C 
according to the present invention exhibited much more 
excellent performance than the conventional bushing 
D. Thus, the bushings according to the present inven 
tion will transfer only a small amount of particles or 
fragments to the core wire passing therethrough, so that 
the drawn wire produced from the cast rod will not be 
cut or severed. In addition, these bushings can be reused 
and have a substantially longer service life. 
A bushing of silica-based ceramics and a bushing of 

alumina-based ceramics were also prepared according 
to the above procedure and subjected to the above test, 
but they exhibited no good results. The reason is that 
the former has an affinity for molten copper and is 
susceptible to damage due to melting. And, the latter 
has a low thermal shock resistance. 
FIG. 2 shows a modified bushing 50 which comprises 

a tubular body 52 of refractory metal having a periph 
eral flange 52a formed around a lower end thereof, and 
a tubular engaging member 54 secured to the upper end 
of the bushing 50 in coaxial relation thereto. The tubular 
body 52 has an internal bore 52b of a circular cross-sec 
tion tapering toward the upper end thereof. The inter 
nal bore 52b has an internally-threaded portion 52c at its 
upper end. The engaging member 54 has an externally 
threaded portion 54a formed in an outer surface at the 
lower end. The externally-threaded portion 54a of the 
engaging member 54 is screwed into the internally 
threaded portion 52c of the tubular body 52. 
The tubular engaging member 54 has an internal bore 

54b of a circular cross-section, the internal bore 54b 
tapering from its lower end to a point intermediate the 
opposite ends thereof. That portion of the internal bore 
54b extending from the intermediate point to the upper 
end has a uniform diameter and is adapted to be in slid 
ing contact with the core wire 24 passing therethrough. 
The internal bore 52b of the tubular body 52 is smoothly 
continuous with the internal bore 54b of the contact 
member 54. 
The engaging member 54 of the bushing 50 is made of 

the same ceramics material as described above for the 
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bushing 34, that is to say, a ceramics material containing 
a major proportion of at least one selected from the 
group consisting of zirconia, silicon carbide and silicon 
nitride. Therefore, the engaging member 54 has excel 
lent thermal resistance and wear resistance. The engag- 5 
ing member 54 is composed of powders having a parti 
cle size of about 0.5um to several um as described above 
for the bushing 34, so that when the cast rod 24a is drawn 
into a wire of a smaller diameter, the wire will not be 
cut. In this embodiment, only the engaging member 54 10 
is made of the ceramics material, and therefore the 
bushing 50 can be manufactured at lower costs. The 
ceramics material is somewhat brittle, and when an 
external force such as torsional and twisting forces is 
exerted on the bushing 50, most of such external force is 
resisted by the tubular body 52. Thus, the overall struc 
ture of the bushing 50 has a relatively high strength. 
The engaging member 54 can easily be removed from 
the tubular body 52 and replaced by a new one. 
This embodiment will now be described by way of 20 

the following Example: 
EXAMPLE 2 

About 91 mol. % of ZrO2 powder, about 9 mol.% of 
MgO powder and a trace amount of compacting assis 
tant were mixed together to form a power mixture. 
Then, the mixture was compacted into a densified solid 
body similar in shape to the engaging member 54. Then, 
the densified body was baked to provide an engaging 
member Ea composed of the zirconia-based ceramics. 
An engaging member Fa of silicon carbide-based 

ceramics containing not less than 98 mol % of SiC and 
a bushing Ga of silicon nitride-based ceramics contain 
ing not less than 98 mol. 9% of Si3N4 were prepared 
according to the same procedure. 
The engaging members Ea, Fa and Ga were thread- 35 

edly connected respectively to tubular bodies of metal 
similar in shape to the tubular body 52 to provide bush 
ings E, F and G. A comparative bushing H of molyb 
denum-based alloy was also prepared. 
Each of the bushings E, F, G and H was used in the 40 

dip forming apparatus 10 of FIG. 1, and the apparatus 
was operated to determine an amount of drawing of the 
cast rod, a service life of each bushing in the continuous 
operation, and the number of reuse, as described above 
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in Example 1. 45 
The results of the above test are shown in Table. 2 

below. 

TABLE 2 
Sample 

E F G H 50 

Amount of 2000 2300 1900 600 
drawing (kg) 
Service 190 170 240 75 
life (Hr) 
Number of 2 1 3 O 55 
else 

As can be seen from Table 2, the bushings E, F and G 
according to the present invention exhibited much more 
excellent performance than the conventional bushing 60 
H. Thus, the bushings according to the present inven 
tion will transfer only a small amount of particles or 
fragments to the core wire passing therethrough, so that 
the drawn wire produced from the cast rod will not be 
cut or severed. In addition, these bushings can be reused 
and have a substantially longer service life. 
A bushing having an engaging member of silica-based 

ceramics and a bushing having an engaging member of 

65 

6 
alumina-based ceramics were also prepared according 
to the above procedure and subjected to the above test, 
but they exhibited no good results for the same reasons 
given in the preceding embodiment. 
FIG. 3 shows a modified bushing 60 which comprises 

a tubular body 62 of refractory metal having a periph 
eral flange 62a formed around a lower end thereof, and 
an annular engaging member 64, and a tubular retaining 
member 66 for holding the engaging member 64 with 
respect to the tubular body 62, these three members 62, 
64 and 66 being disposed coaxially with one another. 
The tubular body 62 has an internal bore 62b of a circu 
lar cross-section tapering toward an upper end thereof. 
The tubular body 62 has an externally-threaded portion 
62c formed in an outer peripheral surface at its upper 
end. The retaining member 66 made of a molybdenum 
based alloy has an internally-threaded portion 66a 
formed in an inner peripheral surface thereof at its 
lower portion. The retaining member 66 has an inward 
ly-directed peripheral flange 66b at its upper end remote 
from the threaded portion 66a. The externally-threaded 
portion 62c of the tubular body 62 is screwed into the 
internally-threaded portion 66a of the retaining member 
66. The engaging member 64 is snugly fitted in the 
retaining member 66, and the opposite ends of the en 
gaging member 64 are held against the flange 66b of the 
retaining member 66 and the upper end of the tubular 
body 62, respectively, so that the engaging member 64 
is held against movement. The engaging member 64 has 
an inner diameter slightly greater than the diameter of 
the core wire 24 passing therethrough. An internal bore 
64a of the engaging member is smoothly continuous 
with the tapered internal bore 62b of the tubular body 
62 and is adapted to be in sliding contact with the core 
wire 24 passing therethrough. 
The engaging member 64 of the bushing 60 is made of 

the same ceramics material as described above for the 
bushing 34, that is to say, a ceramics material containing 
a major proportion of at least one selected from the 
group consisting of zirconia, silicon carbide and silicon 
nitride. Therefore, the engaging member 64 has excel 
lent thermal resistance and wear resistance. The engag 
ing member 64 is composed of powders having a parti 
cle size of about 0.5 pum to several pum as described 
above for the bushing 34, so that when the cast rod 24a 
is drawn into a wire of a smaller diameter, the wire will 
not be cut. The engaging member 64 can be easily re 
placed by a new one by removing the retaining member 
66 from the tubular body 62. 
According to the procedure in Example 2, there were 

prepared three sample engaging members 64 composed 
of zirconia-based ceramics material, silicon carbide 
based ceramics material and silicon nitride-based ceram 
ics. Each of the three engaging members 64 was joined 
together with the tubular body 62 and the retaining 
member 66 to provide a bushing 60. The three bushings 
60 were subjected to the same test as described above in 
Example 2. The amount of drawing and the service life 
in the continuous operation achieved by each of the 
three bushings 60 were about 10% lower than those 
achieved by a corresponding one of the bushings E, F 
and G in Example 2. However, it will be appreciated 
that the three bushings 60 are much superior to the 
conventional bushing made of a molybdenum-based 
alloy. 
What is claimed is: 
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1. An apparatus for continuously forming a cast rod 
comprising: 

(a) a crucible for holding a molten metal therein and 
having a bottom wall defining the bottom surface 
of the crucible; 

(b) a tubular bushing mounted in the bottom wall of 
said crucible; and 

(c) means for passing a core wire into and through 
said crucible through said bushing, thereby accret 
ing said molten metal on said core wire, so that the 
accreted molten metal is solidified to form a clad 
around said core wire to form a cast rod, said bush 
ing having a head portion for engaging with the 
core wire passing therethrough, said head portion 
having an internal bore therethrough for passing 
said core wire therethrough, a peripheral surface 
defining said internal bore being adapted for sliding 
contact with said core wire, and said head portion 
having one end disposed at the bottom surface of 
the crucible in contact with molten metal therein 
and said head portion is the only part of said bush 
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8 
ing positioned so as to be able to come into contact 
with the molten metal, further said head portion 
being made of ceramic material containing a major 
proportion of at least one selected from the group 
consisting of zirconia, silicon carbide and silicon 
nitride, whereby the bushing is not corroded by the 
molten metal, wherein said bushing comprises a 
tubular body and a tubular engaging member 
threadably connected to one end of said tubular 
body in coaxial relation thereto, said engaging 
member serving as said head portion and being 
made of said ceramic material, said tubular body 
having an internal bore coaxial with the bore of 
said engaging member and smoothly continuous 
therewith. 

2. The apparatus according to claim 1, wherein said 
internal bore of said engaging portion is generally 
smoothly tapered from one end toward the other. 

3. The apparatus according to claim 1, wherein the 
bushing is made entirely of said ceramic material. 
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